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(57) A composition corhprlsing (A) a sllanol group- 
bearing silicone resin comprising 30-100 mol% of T 
units: RI-SIZ3 and among the entire T units, 30-80 mol% 
of T.2 units containing only one siianol group: R1.SI(0H) 
Z'2 wherein R"* is a monovalent hydrocartxin group. Z is 
OH, hydrolyzable group or siloxane residue, at least one 
Z being a siloxane residue, and Z' Is a siioxane residue, 
and having a number average molecular weight of at 
least 100. and (B) a polymer resulting from an acrylate 



and/or methacrylate monomer is applied to a substrate 
and heated above the decomposition temperature of 
polymer (B) to fomi a porous film. The porous film is flat 
and uniform despite porosity, and has a low permittivity 
and high mechanical strength. It is best suited as an in- 
teriayer insulating layer when used In semiconductor 
device fabrication. 
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Description 

100011 This invention relates to a film forming composition for forming a porous film having good dieiectric propertios. 
adhesion, unlfomiity and mechanical strength and a method for preparing the same, and a method forfbrmlng a porous 
5 film as well as the porous film thus formed. 

BACKGROUND 

r0O021 As the integration degree of semiconductor integrated circuits increases, an increase of wiring delay time due 
10 to an increase of the wiring capacitance which is a parasitic capacitance between metal wiring strips now becomes 
one factor of preventing the semlconductorintegrateddrcuits from further perfomiance enhancement Thewinng delay 

time is in proportion to the resistance of metal wiring multiplied by the wiring capacitance and thus also known as RC 

loom To reduce the wiring delay lime, the resistance of metal wiring or the wiring capacitance must be reduced. 

IS [00041 Once the wiring capacitance is reduced, semiconductor devices can be designed to a higher integration de- 
cree without Inviting any wiring delay. TNs enables Ngher speed operation and minimizes power consumption. 
100051 One approach contemplated for reducing the wiring capacitance is to reduce the relative pemiittivity of an 
nteriayer insulating film fonned between metal wiring layers. For the Insulating film having a low relative pemiittivity. 
the use of porous film instead of conventional silicon oxide film Is under study. This is because the porous «m I* 

20 substantiaiirthe only one film that can attain a relative permittivity of less than 2.0 and be formed in a practically 
acceptable manner. Then a number of methods forfbmiing porous films have been proposed. 
100061 A fiist method for forming porous film involves synthesizing a solution of a siloxane polymer precursor con- 
fining a thermally unstable organic component, applying the precursor solution to a substrate, and heat freating the 
coating for decomposing and vaporizing the organic component Aftertheorganlccomponent is volatlizedoff.anumber 

^ fooorT InVsLnd method forfomiing porous film, a wet gel is fomied on a substrate by applying a siHca sol solution 
Lreto or carrying out chemical vapor deposition (CVD). While volumetric shrinkage is restrained by controlling the 
evaooration rate of the solvent from the wet gel, condensation reaction is effected on the sIDca sol, yielding a porousfilm. 
[00081 A third method for forming porous film is by applying a solution of silica micropartteulatas to a substrate, and 
firina the coating for consolidation, thereby forming a number of pores among siltea microparticulates. 
r00091 A fourth method is given by JP-fi. 2000-38509 disclosing a porous film-forming composition compnsing (A) 
R1 Si(OR2)^ wherein is a monovalent organic group and n is an integer of 0 to 2, (B) a metal chelate compound 
and (C) a poijmer resulting ftom polymerization of a monomer in the fbnn of an aciylate or methaaylate. 
100101 All these methods have serious drawbacks. 

001 1 The first porous film fonning method adds to the cost because a sitoxane polymer precursor solution must be 
svnihesized When the precursor solution is applied to fomn a coating, a considerable amount of siianol groups is lef^ 
in the coaUng. which gives rise to the degassing phenomenon that moisture will evaporate during the subsequent heat 
treatment step and the problem that the porous film degrades due to moisture absorpfion. . 
100121 The second porous film forming method adds to the cost because a special applfcator is needed In order to 
control the evaporation rate of the solvent from the wet gel. A number of siianol groups are left on suri^s of pores 
in the film Without any treatment, the film is so hygroscopic that it may undergo a substantial degradaUon of quality 
It is then necessary to silylate siianol groups on the surface, and so. the process becomes complex. When ttie wet gel 
is formed by CVD. a special CVD system different from a plasma CVD system commonly used in the semiconductor 
technology is needed. >which also adds to the cost .... , 

4S 100131 In the third porous film forming method, the pores defined among silica micropartcidates have a very large 
diameter because the pore diameter is geometrically detemilned by the deposition sliucture of deposited silica micro- 
oarticulates It is then very difficult to form a porous film having a relathre permittivity of less than 2. 
KrinthefourthmetLlusingacompositioncomprisingcomp^^^^ 

B) is essential for Improving the compatibility between components (A) and (C) and making the thictoessof me cured 
coating unifbmi. but is undesirable because it invites complication of the composition, compiicationof the manufackiring 
procei and a cost increase. It would be desirable to have a composition which can form a unlfonn solutten in the 
absence of a chelate component and afford a flat coating after curing. . ■ ^ 

1001 51 The aim herein is to provide new and useful film fomiing compositions as well as methods for their use and 
he resulting articles. Preferred aims are to reduce or avdd one or more of the above-mentioned problems espe<^lly 
55 to form a porous film having a relative pemiittivity of 2.0 or lower through simple steps and at a low cost and a method 

K^'^SstoT^nme prior art porous film fom,ing technology has led the k^^ 

generally less coiripaflble with an aciylic resin and without any treatment, the sBlcone is difficult to uniformly mh with 
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the resin. 

[00171 We made further investigations on such a mixed solution. Even though the soiution is apparently clear and 
uniform, a thin film thereof applied by spin coating l>ecomes whitened or noticeably striated if compatibility is insuffident 
only a little. In order that a composite material be used in the application contemplated herein, a very high degree of 

5 compatibitity between components Is required. 

[0018] In the case of a mixed system of silicone resin and acrylic polymer, the prior art failed to prepare a uniform 
solution using only a silicone resin component and an acrylic resin component For example, the approach of the 
above-referred JP-A 2000-38509 uses a metal chelate compound an essential component in addition to the silicone 
and acrylic components. The disclosure that the chelate component is desirably reacted with both silicone resin and 

10 acrylic resin components suggests that a uniform solution can only be formed with the aid of the chelate component, 
though not definitely described. 

[00191 The chelate component used to solve the problem are exemplified therein by titanium, zirconium, aluminum, 
tin. antimony, tantalum, lead, etc. Such a component can trigger an unexpected problem when the related material is 
applied to semiconductor devices, and leaves some concem about moisture absorption and film degradation. 

IS [0020] We have found that the problem can be overcome by controlling the structure of the silicone component. 
Specifically, a sllanol group^earing silicone resin comprising 30 to 100 mol% of stnjctural units (T units) represented 
by the formula: R^-SiZg and among the entire T units, 30 to 80 mol% of structural units (T-2 units) containing only one 
silanol group represented by the formula: Ri-SI(OH)Z'2 wherein Z and Z are defined below, and having a number 
average molecular weight of at least 1 00 is used and mixed with an acrylic polymer, the resulting mixed system forms 

20 a very uniform solution. When the solution is applied and heat cured, a unifomi flat coating Is fomned which is not 
spotted, whitened or striated. 

[0021] Furthennore. when the thus formed coating Is heated at the decomposition temperature of the acrylic resin 
component, the curing of the silicone resin component proceeds and at the same time, the acrylic resin component is 
decomposed whereupon decomposed products vaporize off. leaving pores in the coating. A porous film is eventually 
25 obtained. Upon measurement of relative permittivity, this film exhibits a very small value as compared with the relative 
pemiittivity inherent to silicone resins. By adjusting the content of the acrylic resin component In the composition, a 
coating having a desired relative permittivity In the range of about 1.2 to about 2.7 can be formed. 
[0022] Accordingly, in a first aspect, the invention provides a silicone-contalnlng film fonning coriiposltion comprising: 

30 (A) a silanol group-bearing silicone resin comprising 30 to 100 mol% of structural units (T units) represented by 

the general fomnula (1): 

r'-SIZ3 (1). 

and among the entire T units. 30 to 80 mol% of stmctura! units (T-2 units) containing only one silanol group rep- 
resented by the general fomiula (2): 



35 



^ R^-SI(OH)Z:2 (2). 

wherein R^ Is a substituted or unsubstituted monovalent hydrocartx)n group, Z Is a hydroxyl group, hydrolyzable 
group or siloxane residue, at least one of the Z groups being a slloxane residue, and Z* is a siloxane residue, said 
silicone resin having a number average nx)lecular weight of at least 100, and 
« (B) a polymer resulting from polymerization of a monomer selected from an acrylate, a methacrylate and a mbcture 

thereof. 

[0023] In another aspect, the invention provides a method for preparing the film forming composition, comprising the ^ 
steps of mixing (A) a solution in a solvent of the silanol group-bearing silicone resin defined above with (B) a polym- 
so erizable monomer selected from an acrylate. a methacrylate and a mixture thereof, or an oligomer thereof, and effecting 
polymerization In the presence of a radical polymerization catalyst 

[0024] In a further aspect, the Invention provides a method for forming a porous film comprising the steps of applying 
the composition defined above to a substrate, and heating the applied composition at a temperature equal to or above 
the decomposition temperature of component (8). A porous film obtained by the method is also contemplated herein. 



3 



EP 1 223 192 A1 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[00251 Component (A) used herein is a silanol group-bearing silicone resin comprising 30 to 1 00 mol% and preferably 
60 to 100 mol% of structural units (T units) represented by the general formula (1): 

5 

R^-SiZ3 0). 

and among the entire T units. 30 to 80 moi% and preferably 40 to 70 mol% of structural units (T-Z units) containing 
10 only one silanol group represented by the general fonmula (2): 

R^Si(OH)2'2 (2). 

IS wherein R'' is a substituted or unsubstituted monovalent hydrocarbon group, Z is a hydroxyl group, hydrolyzable group 
or slloxane residue, at least one of the Z groups being a siloxane residue, and Z is a siloxane residue, and having a 
number average molecular weight of at least 1 00. 

[0026] In the T units of the formula (1 ): R^-SiZj that constitute the silicone resin. Ri stands for substituted or unsub- 
stltuted monovalent hydrocarbon groups, preferably of 1 to 12 carbon atoms, for example, alkyi groups, aryl groups. 
V ' 20 aralkyi groups, alkenyl groups, etc. and substituted ones of the foregoing groups in which some or all of the hydrogen 
atoms are replaced by halogen atoms (e.g.. fluoro) or epoxy-containing groups (e.g.. glyddyl and glycidyloxy). Of these, 
alkyI aryl and glycidyl groups are typical. Specific examples of the alkyI group are those of 1 to 5 carbon atoms, such 
as methyl, ethyl, propyl and butyl. These alkyI groups may be straight or branched and have hydrogen atoms substituted 
with fluorine atoms. Specific examples of the aryl group include phenyl and naphthyl. 

25 [00271 Z is a hydroxyl (OH) group, hydrolyzable group or siloxane residue. Illustrative, non-limiting examples of the 
hydrdyzable groups include alkoxy groups such as methoxy, ethoxy, propoxy, isopropoxy. butoxy, sec-butoxy. and t- 
butoxy, alkenoxy groups such as vinyloxy and 2-propenoxy. phenoxy groups, acyioxy groups such as acetoxy. oxime 
groups such as butanoxime, and amino groups. Of these, alkoxy groups are preferred, and methoxy, ethoxy, isopropoxy 
and butoxy are especially prefen-ed for easy control of hydrolytic condensation. The siloxane residue means a substit- 

30 uent group which bonds to an adjacent siBcon atom via an oxygen atom to form a siloxane bond, and thus takes the 
form of -0-(Sls). The oxygen atom can also be represented as Oi^ because It is shared by adjacent silicon atoms. 
[0028] In the silicone resin, there are further Included 30 to 80 mol% of structural units {T-2 units) containing only 
one silanol group represented by the formula (2): 
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R^Si(0H)Z2 (2) 

wherein Raises defined above and ris a siloxane residue. , . ^„ ^ x 

[0029] In addition to the T units of formula (1): Ri-SIZj. the silicone resin may contain M units of R^g-SiZ. D units of 
40 RVSiZj Q units of SiZ4. Preferably, the silicone resin contains 0 to 30 mol%. especially 0 to 10 mol% of M units. 
0 to 50 mol%, espedally 0 to 20 mol% of D units, and 0 to 30 mol%, especially 0 to 10 mol% of Q units. Note that at 
least one of Z in the M, D and Q units should be a siloxane residue. 

[0030] Reference is now made to the number average molecular weight (Mn) of the silanol group-bearing silicone 
resin Where it is desired to apply the composition to form a unifomi film, the silicone resin should preferably have a 
4* molecular weight above a certain level. For this reason, a silicone resin having a Mn of at least 100 is used in the 
practice of the Invention. An Mn below 1 00 fails to Impart an appropriate stnjcture to form a uniform fOm and leads to 
storage instability. The prefen^d Mn Is 500 to 1 00,000 and especially 1 ,000 to 5,000. 

[0031] The silicone resin which can be used herein satisfies the above requirements and should preferably contain 
at least a certain amount of silanol groups. Specifically, the siltoone resin preferably contains at least 5% by weight, 
50 and especially 6 to 20% by weight of silanol groups. At too low a silanol group content, the absolute amount of silanol 
groups contributing to crosslinking becomes short so that the cured coating may have a reduced hardness. 
[0032] The silanol group-bearing silicone resin may be prepared by any desired method as tong as the above re- 
quirements are met Specific preparation methods are described below. 

[00331 The starting reactant used for preparation may be selected from a variety of sllane compounds having tunc 
55 ttonal groups such as alkoxy. alkenyloxy. acyioxy, halogen, amino and oxIme groups as the hydrolyzable group, or 
partial hydrolytic condensates thereof. For easy control of hydrolytic reaction or easy disposal of hydrolytic byi>roducts 
and from the economic standpoint, it is preferred to use alkoxy groups or chloro atoms, espedally alkoxy groups, as 
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the hvdiolvzable group. When chloto atoms are used, it is preferred to drive the hydrolysis of ehloro atoms to the full 
«2ent so that no chloro atoms are left in the silicone resin. The number of hydtolyzable groups per silicon atom may 
he 1 2 3 or 4 Any of silane compounds having organic substltuents R1 and satisfying the above requirements can 
be used as long as the hydrolyzable silane compound in which the number of hydrolyzable groups X is 3. that is. 
5 represented by the fonnula: 

10 IS included in an amount of 30 to 100 mol% and especially 50 to 100 mol% based on the enUre hydrolyzable sHane 
comoounds Other hydrolyzable silane compounds which can be used herein are SiX^. R^jSiXa and R 3SIX. 
UUtMX inustratlve examples of the silane compound used herein include tetrafunctional silanes (having four hydro- 
Ivzable groups): SIX4. such as telrachlorosilane. tetramethoxysilane. tetraethoxysilane. and tetrabutoxysilane; tnfunc- 
6^1 silanes (having threehydrolyzable groups): RISIX3. such as methyW^^ 

vltriethoxysilane. methyltriisopiopoxysilane. methyltfibutoxysilane. methyltrtsopiopenoxysilane ethyltnchlorosHane. 
SSoxysllane. ?ropyltrichlorosilane. butyltrichlomsilane. butyltrimelhoxysilane. hexyltnchlorosilane. hexyttn- 
meLxysilane, decyltrichlorosilane. decyttrimethoxysilane. phenyltrichlorosilane. phenyltrimethoxysilane .^^ohexyl- 
ttchlomsilane. and cyclohexyltrimethoxysllane; ditunctional silanes (having two hydrolyzable groups): R^SiX^'"* 
aLtfmethyldichlorosilane.dimethyldimethoxysilane.dimethyldiethoxysilane,dimethy1d.isopropoxyalane.^^^ 
^.S^ri dlmelhyldiisoproper^xysilane. propylmethyldichlorosilane. propylmethyldimethoxysilane, hexylmethy^- 
Scwofosllane. hexylmethyldlmethoxysllane. phenylmethyldichlorosilane. phenylmethyldimethoxys. lane dipheriyl- 
Sorosilane and diphenyldimethoxysilane: monofunctional silanes (having one hydrolyzable group): R^^&X. such 
as trimethylcMorosilane. trlmethylmethoxysilane. trimethylethoxysilane, trimefhylisopropenoxysilane. and d.methy^ 
phenylchlorosilane; and silane coupling agents having organic functional groups, such as vinyltrichlorosilane. vinylfri- 
S^ilane. vinyltriethoxysilane. 5-hexenyltrlmethoxysllane. 3^lycldoxypropyllrimetho,qrs,lane. a^yadoxypropy^- 
MeSnane 3^meth)acryloxyp«,pyItrimethoxysllane. 3.(meth)acryloxypropyltrlethoxysilane 4-v"iy<phenyltt«ne^ 
oxvsilane W4-vinylphenyl)propyltrimethoxysilane. 4-vlnylphenylmethyltrimethoxysllane, S-aminopropyitnmethoxysl- 
rartaminoprop5ethoisilane.3-(2-aminoethyl)aminopropyltri 

Sm;rcaS)p»op>1Wethoxysilane. vinylmethyldichlorosllane, vinylmelhyldimethoxysllane. virjylmethyldiethoxys lane. 
SSw^ylmethyldimethoxysilane. a^lycldoxypropylmethyldiethoxysilane. 3-(meth)a«yloxyipropylmethyld- 
S2XS«iSne 3-(meth)acryloxypmpylmethyldiethoxysilane. 3-amino 

iSiJSSxy^llaL. a-meLptopropylmethyldlmethoxysilane. S^ercaptopropylmethyldiethoxysllane. and part»l 
Swo^TseJoperatlonanddisBIHngofrofbyiXoducts.^^ 

ysilanes is more preferred. Of course, the organosilicon compound which can be used herein is not limited to these 
examples. These silane compounds may be used alone or In admixture of two or more. ^^,_h k„ 

ra036] The silanol group-bearing silicone resin which can be used herein is characteozed in that It Is obtained by 
hvdro lyzing the hydrolyzable silane compound, defined and exemplified just above, in an aqueous soluUon.^effecting 
hvdrel^is under hydrophilic conditions substantially fr^ of an organic solvent, there is obtained a specrfic silanol 
group-l^aringsBlcone resin which is highly structured and containsasignificant am 

TooCt^rsTs^pTs XSTS^ble organic si^ne compound as mentioned above to Mrj^y^c conden- 
Son in an aqueo^ solution at pH Ito 7. The amount of water used for hydrolysis may be about 50 to S.OOO^rts 
TvZm per 100 parts by weight of the silane compound or mixture thereof fom,ulated to a compositK,n sating 
meTt«ve^^uirements. Less Ln 50 parts means a too small amount of water m the reartion sj^ so that it « 
S^uftTo -IStrol the reactivity of silanol gmups. failing to impart a spedflc stnicture. More than 5.000 parts of water 
reduces the concentration of the silane reactant too low and may retard condensation reacti«>n 
mm hJcI^s Is carried out by adding the silane compound to an aqueous solution, followed by agrtation A 
ES^Sltic «SJ«y be added to promote hydrolysis, especially at the Initial. The hydrolyBc catalys may be added 
S^S^fS^alSrJouioo prior to the a^^ 

TfS^ rmeSTJs^SZ KdrelyBc catalyst is selected from conventional we«-Known catajysts. preferably tl^se 
Ste wWch exhibit an ad,% of pH 1 to 7 when added to an aqueous solution. Preferred cata^sts are acidic 
"ySSen h lwes. carboxylic adds, sulfonic adds, addio or weakly addic inorganic ^. -i-';!^""^^;^^^ 
exchange resins. Illustrathre examples are mineral acids sudi as hydrofluoric acid, hydrodiloric acid, nitric acid arKl 
SSdro^ganicaddssud, as acetic add, maleic add and trifluoroacetic add, sulfonic adds su^^ 
?^fo add P-Senesulfonic add and trifluoromethanesulfonic acid, and cation exchange resins having sulfonic aad 
nr carfooxviic add aroups on the surface. 

pOMr^ amoSit of the hydrelytic catalyst, if used. Is preferably In a range of 0.001 to 10 md% based on the moles 
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Of hydrolyzable groups on silicon atoms. Under strongly acidic conditions below pH 1 or under alkafine conditions 
above pH 7 silanol groups tend to become quite unstable. More preferably, the aqueous solution is adjusted to pH 2 
to 6 The amount of water Is in large excess relative to the amount of hydrolyzable groups, and so hydrolysis proceeds 
to completion As the solution Is agitated under the above conditions and at room temperature or elevated temperature, 
condensation readllytakesplacebetweensilanolgroups.Atthisstage.hydroIyticby-products are 
and the silane reaction mixture sennng as a precursor of the desired silanol group-bearing silicone resin is kept dis- 
solved In the solution. X A t^' 
[00401 A second step is to remove the hydrolytic by-products from the solution of the reaction mixture for yielding a 
system consisting essentially of the desired silanol group-bearing silicone resin and water Specifically, the solution 
containing me silane reaction mixture resulting from the first step is heated at a temperature below about 80*>C. espe- 
cially about 30 to 70'C under atmospheric pressure, or kept or heated at a temperature in the range from room tem- 
oerature to about 80»C, preferably from room temperature to about 70-C under a pressure in the range from 20 mmHg 
to atmospheric pressure, whereby the hydrolytic by-products such as alcohols are distilled off. In this way. the system 
Is converted into a system consisting essentially of the desired silanol group-bearing silicone resin and water. During 
the step the silicone resin further increases its degree of condensation. The silicone resin, which has undergone 
hvdrolvtic condensation to some extent in the first step, converts to a higher molecular weight one and gradually loses 
hydrophilidty with the progress of condensation. As ttie same time, the external environment In which the silicone resin 
is dissolved becomes almost water. ^ . ... 
r0041l Upon removal of 30 to 100% of the hydrolytic by-products formed, the silanol group-beanng silicone resin 
cannot keep dissolved in the solution, and so the solution becomes faintiy or white turbid. The more preferred amount 
of the hydrolytic by-products removed is 50 to 1 00%. Now that the silicone resin has tumed to be insoluble in ttie water 
laver it settles down when altowed to stand. 

r00421 The silicone resin which has separated from the aqueous layer In tills way can be directiy taken out. Altema- 
tivelv an organic solvent which is not uniformly misclble with water is added to the system for dissolving the silicone 
resin therein whereby the silicone resin is separated in solution fomn from the aqueous layer. Examples of the organic 
^^ent include diethyl ettier. diisopropyl etiier. methyl feobutyl ketone, etiiyl acetate, n-butyl acetate, isobutyl acetate, 
benzene, toluene and xylene. ^ 
r00431 in this way there is obtainable the silicone resin which can be used herein. Any of silicone resins which are 
obtained by various preparation methods can be used herein as long as they fall in the above-defined range. Namely. 
30 the silicone iwsin Is not limited to a spedflc preparation method. 

[0044] Described below Is the polymer (B) resulting from polymerization of a monomer selected from an acrylic ester, 
a methacrylic ester and a mixture thereof. 

r00451 Examples of the acrylate and methacrylate of which the inventive polymer Is constmcted include allcyl acr- 
vlates alkyi methacrylates. alkoxyallcyl acryiates. and alkykoxyalkyi methacrylates. Typical of the alkyi aoylates are 
esters' of alkyi having 1 to 6 carbon atoms, such as methyl acrylate. ethyl acrylate. n-propyi acrylate. isopropyl acrylate 
^butyl acrylate. isobutyl acylate. pentyl acrylate. and hexyl acrylate. Typical of the alkyi methacrylates are esters o^ 
alkvl having 1 to 6 carbon atoms, such as methyl methacrylate. ethyl methacrylate. n-propyl methacrylate. isopropyl 
metfiacrylate. n^utyl methacrylate, isobutyl methacrylate. t-butyl methacrylate, pentyl methacr^ate. and hexyl meUi- 
Sate Exemplary alkoxyalkyi acryiates are methoxymethyl aciylate and ethoxyethyl acrylate. Exemplaiy alkoxyalkyi 
memaciylates are methoxymethyl methacrylate and ethoxyethyl methacrylate. Of these, alkyl methacrylates are pref- 
erablv used with methyl methacrylate. ethyl methacrylate and Isobutyl methacrylate being especially preferred. 
r00461 |nthepracticeoftheinvention.theacrylicpolymerispreferablyfomiedbycopolymerizingtheabwem^^ 
lith a monomer having an alkoxysilyl group. Examples of the monomer having an alkoxysiiyl f^P^'^^^^T^' 
oxysilyl)propyl acrylate. 3-(triethoxysilyl)propyi acrylate. 3-ltri(methoxyethoxy)silynpropyl acrylate. 3-(methyld^«netl»ox- 
vsttvDwwyl acrylate. 3-(methyldiethoxysilyl)propyl acrylate. 3-{trimethoxysilyl)propyl melhacrylate. 3-(tnethoxysllyO 
IrooTwiLayiste. 3^tri(methoxyethoxy)-sllyl]propyl methacrylate. 3-(methyldimethoxysilyl)prDpyl meUnacrylate. and 
KethyldlemwysilyDpropyi methacrylate. The alkoxysilyl group-bearing monomer is preferably used in an amount 
?Jjri 0 mol% aiJd esSially 1 to 7 mol% of the entire monomers of which the acrylic polymer « constructed 
r00471 in the acrylic polymer used herein, a radical polymerizable monomer other than the acrylate, me methacylate 
and me a k^^i groV^aring monomer can be copolymertzed in an amount of up to 40 mo %. Such radical po- 
le^zable Sinomers include unsaturated carboxyiic ackls such as acrylic add and methacrylic aa^ '^'^^ 
Ses such as N,N.dimethylac,ylamide and N,N-dimethylmethacrylamide. unsaturated nitnles such as acnrtonilrile. 
unsaturated ketones such as methyl vinyl ketone, and aromatic compounds such as sty^ene and a-metiTyte^ne 
SSS The acrylfe polymer should preferably have a number average molecular weight of 1,000 to 00,000 and 
espedaliy 1 000 to 20.000, as calculated on a polystyrene basis. The mixing proportion of components (A) and (B) is 
oreferablv liom 5:95 to 95:5. and especially from 10:90 to 80:20 in a weight ratio. 

ro0491 inoneembodlment. the acrylic polymer is prepared Ivmbcing the corresponding monomer(s) with the silicone 
resin component, and subjecting me mbrture. dissolved in a solvent to polymerization reaction whereby a composition 
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within the scope of the invention Is obtainable. Where this procedure Is employed, the monomer(s) are polyinerized in 
the presence of the silicone resin so that both the resins form an interpenetrating polymer network (IPN). As a conse- 
quence, the mixture of the methyl sificone resin and the acrylic polymer which are othenwise less dissohrable in each 
other affords a solution which is extremely high in uniformity as compared with conventional mixtures of silicone resins 
5 and acrylic resins, so that the solution is completely dear and does not undergo separation or spotting even after 
coating. 

[00501 The coating solution used herein is one In which the silicone resin and the acrylic polymer are dissolved In a 
solvent. The solvent used herein is selected from conventional solvents used as coating aids as long as the silicone 
resin and the acrylic polymer can be dissolved therein. Exemplaiy, non-limiting, solvents include methyl Isobutyl ketone, 
10 butyl acetate, isobutyl acetate, ethyl lactate, cyclohexanone, diglyme. ethyl cellosolve acetate, propylene glycol mon- 
omethyl ether acetate, and anisole. 

[0051 1 A surfactant may be added to the coaUng solution for the purpose of Improving the flatness of a coating thereof, 
(00521 in forming a porous film using the film fomiing composition of the invention, the composition Is first applied 
to a substrate to form a coating. Examples of the substrate to which the composition is applicable Include semlcon- 

1$ ductors. glass, ceramics and metals. Any desired application technique used in conventional semiconductor device 
fabrication Is acceptable. Typical application techniques are spin coating, dipping and roller blade coating. The coating 
usually has a thickness of 0.2 to 20 fim when It is an interiayer insulating film. The coating is then heated. This heating 
step, also known as prebaking, Intends to evaporate the solvent in the coating solution for fixing the shape of the 
coating. The heating temperature is sufficient for the solvent in the coating solution to evaporate. 

20 [00531 The coating thus formed is heated at such a temperature that component (A) may cure and component (B) 
decompose and vaporize whereby a cured film having pores is obtained. This heating step is to heat at a temperature 
of 300 to 500"C whereby the coating converts to a porous film containing a number of pores when the inventive com- 
position Is used. The heating time Is usually about 1 minute to about 2 hours, and preferably about 5 minutes to about 
1 hour At too low a heating temperature, the curing of component (A) and the decomposition and vaporization of 

25 component (B) do not proceed, and the resulting film has low mechanical strength due to under curing. Too high a 
heating temperature induces excessive decomposition, resulting in a decline of film strengtii as well. Such a high 
temperature is sometimes unacceptable In the semiconductor device manufacture process. The prefen^d temperature 

is 350 to 450** C. u • i 

[00541 Witt! respect to tiie atmosphere during the heating step, the distribution of pores in the film and the mechanical 

30 strengtii differ between heating in air and heating in Inert gas. The physical properties of the film can be controlled by 
selecting the heating atmosphere. The heating atmosphere is not critical and any desired heating atmosphere is em- 
ployable Exemplary of the Inert gas are nitrogen and argon gases. Preferably the Inert gas Is used so as to provide 
an oxygen concentration of 5 ppm or lower. By heating in such an Inert gas atmosphere, the film can be endowed with 
a lower pemilttivity because (he influence of oxygen is avoided. 

35 [00551 In tiie mettiod of forming a porous film according to tfie invention, when the film forming composition Is heated 
(or reacted) in vacuum, tiie permittivity of ttie film can be further reduced due to the eliminated Influence of oxygen. 
[00561 The porous film obtained by heating the inventive composition according to the inventive method generally 
has pores with a size of 100 nm or less and a void content of 5 to 70%, The film generally has a permittivity of 2.7 to 
1.2. preferably 2.5 to 1.2, and more preferably 2.2 to 1.2. The film of the invention is usefiil as an insulating film, and 

40 especially an Interiayer insulating film In highly integrated circuits. 

EXAMPLE 

[00571 Examples of the invention are given below by way of illustration and not by way of limitation. It is noted tiiat 
45 Mn Is number average molecular weight and Mw Is weight average molecular weight 

Preparation Example 1 

[0058] A 2-liter flask was charged witti 408 g (3.0 mol) of methyltrimetiioxysilane. In a nitrogen atmosphere and at 
so O'C 800 g of water was added and ttwroughly mixed. Under ice cooling. 21 6 g of a 0.05N aqueous hydrochlonc add 
solution was added dropwise over 40 minutes to ttie mixture for hydrolytic reaction. At ttie end of dropwise addition, 
the mixture was stirred for one hour lielow 10»C and for a further 3 hours at room temperature to dnve the hydrolytic 
reaction to completion. Thereafter, mettianol resulting from hydrolysis and water.were distilled off In vacuum for one 
hour under conditions of 70»C and 60 Torr. yielding 1.136 g of a solution. The solution looked white turbid and after 
55 allowing to stand for one day. separated into two layers. That is. the silicone resin which turned to be insoluble in water 
settied down To ttie white turt)id solution. 200 g of methyl isobutyl ketone was added and ttioroughly agitated. The 
solution was altowed to stand whereupon the resin was separated from the aqueous layer. There was obtained 398 g 
of the mettiyl isobutyl ketone solution. On »NMR analysis, the sllanol group-bearing silicone resin was found to consist 
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of 100 mol% of T units, which In turn, conslstedof 2 mol% of T-1 units. 42 mol% of T-2 units, and 56 mol% of T-3 units. 
The silicone resin had a Mn of 1.800, Note that the T-1 units are CH3Si(OH)2Z'. the T-2 units are CHaSKOhflrj, and 
the T-3 units are CH^SIZ^- 

s Preoaration Example 2 

[0059] Reaction was carried out as In Preparation Example 1 except that the 2-liter flask was charged with 367 g of 
methyltrimethoxysilane and 41 g of dimethyldimethoxysilane. There was obtained 412 g of the methyl isobutyl ketone 
solution. On GPC analysis using a polystyrene standard, the resin had a Mn of 2.100. The silicone resin was found to 
10 consist of 89 mol% of T units and 11 mol% of D units, and the T units consisted of 4 mol% of T-l units. 40 mol% of T- 
2 units, and 56 mol% of T-3 units. The T-1, T-2 and T-3 units are as defined above. 

Pre paration Example 3 

IS [0060] A 100-mlflaskwaschargedwith 17.95gof ethyl methacrylate, 2.05 g of 3-(trimethoxysilyl)propylmelhacryiate, 
0.33 g of AIBN. 0.20 g of 2-mercaptoethanol, and 30 g of 3-methoxymethyl propionate, which are stin-ed for dissolution. 
After the system was purged with nitrogen gas. it was stirred for 7 hours while heating in an oil bath at 80*»C. A viscous 
polymer solution was obtained. On GPC analysis using a polystyrene standard, the resin had a Mn of 5,200. 

20 Preparation Example 4 

[00611 A 100-ml flask was charged with 19.0 g of isobutyl methacrylate, 1.0 g of 3-(trimethoxysilyl)propyl methacr- 
ylate, 0.33 g of AIBN, 0.20 g of 2-mercaptoethanol. and 30 g of methyl Isobutyl ketone, which are stin-ed for dissolution. 
After the system was purged with nitrogen gas, it was stin-ed for 7 hours while heating in an oil bath at 80*'C. A viscous 
25 polymer solution was obtained. On GPC analysis using a polystyrene standard, the resin had a Mn of 52.000. 

Preparation Example 5 

[0062] A 2-liter flask was charged with 498 g of the solution obtained in Preparation Example 1. 37.8 g of methyl 
30 methacrylate (MMA), 1 6.2 g of butyl acrylate (BA) and 1 .0 g of 3-(triethoxysilyl)propyI methacrylate. which were thor- 
oughly agitated. After the system was purged with nitrogen gas. it was heated at gS^'C and a solution of 1 g AIBN In 
10 ml methyl isobutyl ketone was added over 2 hours. The reaction solution was kept at the temperature for 3 hours, 
yielding a viscous solution. On GPC analysis using a polystyrene standard, the resin had a Mn of 7,890 and a Mw of 
14,300. 

35 

Preparation Example 6 

[0063] A 2-liter flask was charged with 500 g of the silicone resin obtained in Preparation Example 2, 37.8 g of ethyl 
methacrylate. 16.2 g of hexyl acrylate and 1,0 g of 3-(methyldiethoxysilyl)propyl methacrylate. Reaction was canied 
40 out as In Preparation Example 5. The product had an average molecular weight of 19.500 on a polystyrene basis. 

Examples and Comparative Examples 

[0064] A coating solution containing the components shown In Table 1 was spin coated onto a substrate and heat 
45 treated to form a porous film, which was evaluated. More partlcularty, the coating solution was optionally diluted with 
propylene glycol monomethyl ether acetate to give a solution having a non-volatile content of 30 to 40% before it was 
spin coated. The spin coating was earned out at 1.500 to 3,000 rpm for 60 seconds. The coating was prebaked at 
100°C for 60 seconds and then heated In air in an oven at 400*0 for 60 minutes. The permittivity of the coating was 
measured at a frequency of 1 00 kHz using HP1 6451 B electrodes and HP4284A precision LCR meter by Hewlett Pack- 
so ard Yokokawa Co., Ltd. The results are shown In Table 1, 



Table 1 





Component 
(A) 


Component 
(B) 


Mixing ratio 
(by weight) 


Flatness 


Refractive 
Index 


Pemnlttivlty 


CE1 


PE1 




100:0 


Good 


1.383 


2.5 


EX1 


PE1 


PE3 


72:28 


Good 


1.303 


2.2 
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Table 1 (contanued) 





Component 
(A) 


Component 
(B) 


Mixing ratio 
(by weight) 


Flatness 


Refractive 
index 


Permittivity 


EX2 


PE1 


PE3 


43:57 


Good 


1.267 


1.8 


EX3 


PE6 






Good 


1.265 


1.9 


EX4 


PE1 


PE4 


43:57 


Good 


1.265 


1.8 


EX5 


PE1 


PES 


43:57 


Good 


1.266 


1.9 


EX6 


PE2 


PE3 


43:57 


Good 


1.265 


1.9 


Note 
PE isan 


that the flatness of a film Is examined In two ratings of Good and Poor, unaer me neaaing componeni,- 
abbrevlation of Preparation Example. 



[0065] Using a composition comprising a silanol group-bearing silicone resin and a (meth)acrync polymer according 
to the invention, a porous film can be formed which is flat and unlfomi despite porosity, and has a low permittivity and 
high mechanical strength. The film Is best suited as an Interlayer Insulating layer when used In semiconductor device 
fabrication, 

[0066] Japanese Patent Application No. 2001-006614 Is Incorporated herein by reference. 
[0067] Although some prefen-ed embodiments have been described, many modifications and variations may be made 
thereto in light of the above teachings. It is therefore to be understood that the invention may be practiced otherwise 
than as specifically descrit>ed in the examples. 



Claims 

1. A silicone-conlaining film fomiing composition comprising: 

(A) a silanol group-bearing silicone resin comprising 30 to 1 00 mol% of stmctural units (T units) represented 
by the general formula (1): 

R^SIZ3 (1). 

and among the entire T units, 30 to 80 mol% of structural units (T-2 units) containing only one silanol group 
represented by the general formula (2): 

R^.SI(OH)Z'2 (2). 

wherein R1 is a substituted or unsubstituted monovalent hydrocarbon group. Z is a hydroxyl group, hydrolyz- 
able group or siloxane residue, at least one of the Z groups being a siloxane residue, and Z' is a slloxane 
residue, said silicone resin having a number average molecular weight of at least 100, and 

(B) a polymer resulting from polymerization of a monomer selected from an acrylate, a mettiacrylate and a 
mixture thereof. 

2. A method for preparing the film fomilng composition of claim 1 , comprising the steps of: 

mixing (A) a solution in a solvent of a silanol group-bearing silicone resin comprising 30 to 100 mol% of stnjc- 
tural units (T units) represented by tiie general formula (1): 

R^-SiZ3 (1). 



and among the entire T units, 30 to 80 mol% of stmctural units (T-2 units) containing only one silanol group 
represented by the general formula (2): 
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R^^i(OH)Z*2 (2), 

wherein is a substituted or unsubstituted monovalent hydrocarbon group. Z Is a hydroxyl group, hydrolyz- 
able group or slloxane residue, at least one of the Z groups being a siloxane residue, and Z Is a siloxane 
residue said silicone resin having a number average molecular weight of at least 1 00. with (B) a polymerizable 
monomer selected from an acrylate. a methacrylate and a mixture thereof, or an oligomer thereof, and 
effecting polymerization In the presence of a radical polymerization catalyst 

A method for forming a porous film comprising the steps of: 

aDDlyIng the composition of dalm 1 or 2 to a substrate, and 

heating the appfied composition at a temperature at least equal to the decomposition temperature of compo- 
nent (B). 

A porous film obtained by the method of claim 3. 
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